Both academics and practitioners identify service excellence as a key factor in today's business environment (e.g., Zeithaml and Bitner 2003) . To evaluate their services, most companies turn to their customers and collect customer-perceived service quality data on an ongoing basis, but the continuous measurement of service quality is both costly and time-consuming. As a result, firms increasingly make use of online surveys to collect data about service performance.
Online surveys offer great advantages over traditional mail surveys, such as lower costs and faster responses (e.g., Illieva, Baron, and Healey 2002; Schuldt and Totten 1994) . However, critics have questioned the quality of responses gathered through online surveys and suggested that the completeness and accuracy of the data they provide may not match those of traditional mail surveys.
In addition, because different survey modes often produce different results (Dillman 2000) , comparable survey results are especially important for mixed-mode surveys, in which companies use both online and mail surveys in combination to reduce both their costs and nonresponse rates. Evidence from previous research has verified that online and telephone surveys may exhibit different underlying factor structures (Roster et al. 2004 ). Other studies indicate that online surveys produce more socially desirable answers, more extreme responses, higher item completion, higher item variability, and higher measurement errors (Klassen and Jacobs 2001; Shermis and Lombard 1999; Stanton 1998) . In contrast, still other studies have found no significant differences between the online and mail methods (Epstein et al. 2001; Knapp and Kirk 2003) .
Despite these findings, existing evidence regarding the comparison of Web-based and paper-and-pencil surveys remains both scarce and inconclusive. Assuming their equivalence still must be considered risky, because most of these studies have methodological limitations and conducted only limited statistical comparisons.
This article contributes to the extant service research literature in several important ways. Because of the inevitable time and resource constraints involved in service quality survey research, online surveys represent attractive alternatives or supplements to traditional mail surveys. However, mixed-mode surveys can serve as a trustworthy basis for decision making only if convergent validity between the two survey methods can be established. Therefore, we empirically examine the response quality and measurement invariance of Internet-based and traditional mail surveys in a service quality study. In addition, we attempt to align the diverse literature on the comparison between online and offline surveys by indicating how different aspects of response completeness and accuracy might be analyzed in the future. Furthermore, because the existing literature on measuring the response quality of surveys is sparse, we use a service quality survey from a large office equipment manufacturer to show how the measurement invariance (Jöreskog 1971; Vandenberg and Lance 2000) and response quality (Goetz, Tyler, and Lomax Cook 1984; Hansen 1980; McDaniel and Rao 1980) of online and mail surveys can be analyzed and compared. Also, we provide managerial guidelines on the combined use of both online and mail surveys that will enable practitioners to optimize their response rates, response times, and survey costs while maintaining high response quality. Finally, this study addresses the critical issue of obtaining high-quality, representative online samples in service research.
The remainder of the article is structured as follows: We begin with a review of the existing empirical evidence on the equivalence of online and mail surveys. Next, we assess the equivalence of on-and offline surveys in a service quality context. Finally, we conclude with a discussion of the results and their theoretical and practical implications.
LITERATURE REVIEW
Mixed-mode surveys combine two survey modes, such as online and mail surveys, to compensate for the weaknesses of each. For example, various persuasive arguments recommend online surveys over traditional methods because of their lower costs, faster response, and wider geographic reach (e.g., Green, Johnson, and Neal 2003; Illieva, Baron, and Healey 2002; Schuldt and Totten 1994) . Furthermore, proponents of online surveys argue that the Internet provides uncomplicated directions (e.g., automatic routing), as well as richer and more interesting question formats (Klassen and Jacobs 2001; Simsek and Veiga 2001) . However, in terms of coverage, the potential for invalid addresses, and representativeness, mail surveys are still preferred. Table 1 provides an overview of the strengths and weaknesses of both methods.
A mixed-mode design thus can reduce overall costs while maximizing response rates and minimizing nonresponse. But if online and mail surveys produce different results for the same study, their data cannot be aggregated. In Table 2 , we provide an overview of existing empirical evidence regarding the difference between, or equivalence of, online and mail surveys, which demonstrates that this evidence is very inconclusive. Whereas several studies find differences-including factor structures, socially desirable answers, more extreme responses, higher item completion, higher item variability, and higher measurement error in online surveys (Klassen and Jacobs 2001; Shermis and Lombard 1999; Stanton 1998 )-others indicate that online and mail surveys are equivalent (Epstein et al. 2001; Knapp and Kirk 2003) . These conflicting results may be due to, for example, differences in the response processes for online and mail surveys. Because online respondents, for the most part, cannot scan, preview, review, skip, or change items, they may experience a different level of self-generated validity, which refers to the phenomenon in which responses to previous survey questions can affect answers to subsequent questions in the survey (Feldman and Lynch 1988) . Moreover, computer anxiety might affect participants' responses (Buchanan and Smith 1999) , or biases could occur in the way people perceive questions on screen versus on paper. Also, different screen formats and otherwise inconsistent computer administration, as well as technical or interface problems, can elicit different responses in an online survey. Finally, the print quality of paper-and-pencil surveys is still better than that of onscreen surveys, which could result in lower comprehension, less patience, and decreased reading speed on the computer (Nielsen 2000) . Deutskens et al. / SERVICE QUALITY RESEARCH 347 In addition to resulting in these inconclusive results, previous studies that compare online and mail surveys have methodological limitations. For example, in many cases, the results are based on small samples, target populations with strong technology familiarity (e.g., student or academic samples), or self-selected convenience samples. Knapp and Kirk (2003) used a different recruitment method; instead of sending an e-mail with the hyperlink to the Web questionnaire, they handed out an envelope containing the URL to respondents. This method requires more effort from the respondent and is more time-consuming and complicated. Their survey also suffered from technical problems; the questionnaire was offline for 27 hours (Knapp and Kirk 2003) . In addition, the choice of environment often acts as a limitation in previous studies on this topic. Epstein et al. (2001) , for example, chose to conduct their study in a highly controlled environment. Furthermore, most studies are conducted in research areas other than marketing, such as psychology or public opinion research (e.g., Buchanan and Smith 1999; Stanton 1998) . Finally, some studies provide contradictory results and are limited in both their quantity and methodological quality. Many articles compare the means of the online and offline groups, but because these means are just approximations of the underlying true population means, it is impossible to say which is better and how much importance should be attached to small but significant differences.
Despite the widespread evidence of nonequivalence, we hypothesize that data collected through online and mail surveys are equivalent. First, more recent studies have found equivalence between the two methods (Epstein et al. 2001; Knapp and Kirk 2003) , which may indicate that factors such as computer anxiety or privacy concerns have been reduced as people become more familiar with the Internet. Second, over time, respondents gain increased experience with online surveys, which makes it less likely that the response process or the way people perceive questions on a screen versus on paper will cause differences. Third, although online communication in general has been found to be more open, there should be no difference in perceived anonymity between online and mail questionnaires because both are filled out in the absence of an interviewer. Fourth, the number of online panel members or e-mail addresses available in databases continues to increase steadily, ameliorating the lower coverage problems. 1998) also has reduced problems because of different screen formats or other technical or interface problems. Therefore, we hypothesize that online and mail surveys are equivalent.
AN EMPIRICAL STUDY
To test the equivalence between mail and online surveys, we conducted a service quality survey with a major multinational office equipment manufacturer. The data were collected in the United States, which has one of the highest Internet acceptance rates worldwide (NUA Internet Surveys 2002) . Customers in the traditional paper-and-pencil group received a mailing that contained an introduction letter, the questionnaire, and a prepaid return envelope. Customers in the online group received an email invitation, including a short introduction to the study with a request to participate and the hyperlink to the Web questionnaire. We avoided double entries by using a unique, eight-digit identification code for each respondent.
The items used to assess equivalence between the survey modes measured service call quality, service visit quality, and the intention to use the services of this provider again (see Table 3 ). The items were strongly driven by the SERVQUAL dimensions developed by Parasuraman, Zeithaml, and Berry (1988) and have been used in previous studies on service contact modes (Van Birgelen et al. 2002) . All items were measured on a 9-point scale that ranged from 1 (much worse than expected) to 9 (much better than expected) for service call quality and service visit quality and from 1 (very unlikely) to 9 (very likely) for intentions. In addition, the questionnaire contained six open-ended questions about the nature of the respondents' complaints, additional information the respondents would like to obtain, desired improvements, positive and negative experiences, and their intention to switch to a competitor.
Participants for both the online and offline groups were recruited from the manufacturer's customer database. A stratified sampling procedure (survey mode, business units, regions, product type) was used, in which we first divided the customer database into different business units (standard and customized specialty systems), then into different regions (central, east, southwest, west), product types (low-, medium-, high-volume machines), and finally survey modes (e-mail address is/is not available). Then, we drew a random sample from each group to ensure that we obtained a valid and representative sample of customers.
For the mail survey, we received 694 responses, which represents a response rate of 16.58%. In the online survey, 255 customers participated (response rate 28.47%). The smaller sample for the online survey reflects the common problem that customer databases do not yet contain all customers' e-mail addresses. To rule out that potential differences in the response numbers or rates could be due to different sample characteristics, we compared the online and mail sample on several important background variables. We did not find significant differences with respect to region (p = .405), position in the company (p = .133), decision power (p = .126), preferred mode of communication (p = .182), or whether they recently had bought new products (p = .224).
ANALYSES AND RESULTS
To assess equivalence, we considered two specific components of data quality, namely, the completeness and accuracy of respondents' answers (Goetz, Tyler, and Lomax Cook 1984; Hansen 1980; McDaniel and Rao 1980) . Completeness was assessed by comparing the number of respondents who provided answers to openended questions and considering the length of answers. To assess accuracy and bias differences between the online and mail surveys, we followed Hansen's (1980) suggestion to compare the distribution, or summary, of responses (means and variances) from one subgroup with the summary of another subgroup. Furthermore, we used the more rigorous, powerful, and versatile multigroup confirmatory factor analysis (CFA) approach to assess measurement invariance, which basically determines whether different survey settings produce different measures of the same attribute (Steenkamp and Baumgartner 1998) .
The majority of structural equation modeling (SEM) applications in the behavioral sciences employ the maximum likelihood (ML) estimation procedure to provide parameter estimates for the hypothesized models (e.g., Bollen 1989 ). However, the ML estimator will exhibit desirable statistical properties (unbiased, consistent, asymptotically efficient, and approximating a χ 2 distribution) only if several important assumptions are met (Bollen 1989; West, Finch, and Curran 1995) . Chief among these is the assumption that the manifest variables follow a multivariate normal distribution. However, as in most customer satisfaction and service quality research (e.g., Brown, Churchill, and Peter 1993) , this assumption frequently does not hold in behavioral research.
Similarly, in our study there were significant deviations from multivariate normality in both the online and mail survey data sets, according to Mardia's (1970) and Srivastava's (1984) tests of multivariate skewness and kurtosis. When a data set deviates significantly from multivariate normality, the chi-square statistic is inappro-priate for assessing the fit of the CFA models, because it leads to an underestimation of the standard errors of the estimates (West, Finch, and Curran 1995) . Several alternatives to ML estimation have been proposed for data sets that are not multivariate normal (cf. West, Finch, and Curran 1995) , including the asymptotically distributionfree (ADF) estimator (Browne 1984 ) and the SatorraBentler scaled chi-square statistic (χ 2 SB ) with robust standard errors (Satorra and Bentler 1994) . Monte Carlo simulation studies have found that the statistic with robust standard errors outperforms the ADF estimator, especially when sample sizes are small (e.g., Chou, Bentler, and Satorra 1991) . Therefore, to check for equivalence of the data sets between the online and mail surveys in our study, we employed a difference test for the statistic, as recommended by Satorra and Bentler(2001) . 1 We used EQS 6.1 to analyze the data. We first specified a baseline CFA model for both the online and offline samples that contained 14 items. The fit indices were modest for both the offline data, χ SB (74) = 283.700, Normed Fit Index (NFI) = .917, Confirmatory Fit Index (CFI) = .937, root mean square error of approximation (RMSEA) = .099, and the online data, χ SB (74) = 180.448, NFI = .881, CFI = .925, RMSEA = .122. On the basis of the pattern of the standardized residuals and the modification indexes (Langrangian multiplier tests), we decided to remove four items from the analyses (two items measuring service call quality and two measuring service visit). This reduction resulted in a significantly better fit for both groups: offline χ We evaluated the reliability of our constructs through composite scale reliability and average variance extracted (e.g., Fornell and Larcker 1981) (see Table 3 ). The composite scale reliability ranged between .96 and .98; thus, all values exceeded the cutoff point of .7 suggested by Nunnally and Bernstein (1994 (1981). In addition, we assessed discriminant validity with a Satorra-Bentler difference test (Satorra and Bentler 2001) and found discriminant validity for all constructs at p < .001. Recall that to assess completeness, we compared the number of respondents who provided answers to openended questions and the length of the answers. For four of the six open-ended questions, there were no significant differences between the online and offline samples in terms of how many people responded (p = .786, .864, .319, .562). However, for the remaining two questions, we found that the online sample provided significantly more improvement suggestions (34% versus 26.7%, p = .008) and indicated whether and to which competitor the respondents wanted to switch (8% versus 4.7%, p = .019). With respect to the number of words, there again were no significant differences for four open-ended questions (p = .525, .298, .233, and .640). However, online respondents provided significantly lengthier improvement suggestions (mean number of words 8.16 versus 6.93, p = .006) and examples of positive experiences with the company (mean number of words 11.06 versus 8.21, p = .000).
The second aspect of response quality pertains to bias or inaccuracy (Goetz, Tyler, and Lomax Cook 1984) . Our results show that there are no significant differences in the means between online and offline groups, χ 2 SB (10) = 10.40, p = .406, RMSEA < .001. Testing for the differences in the variance-covariance matrices, χ 2 SB (55) = 52.858, p = .557, RMSEA < .001, CFI = 1.000; TuckerLewis Index (TLI) = 1.001, and simultaneously for the means and the variance-covariance matrices, χ 2 SB (65) = 62.453, p = .567, RMSEA < .001, CFI = 1.000, TLI = 1.000, also resulted in a good model fit. Because the covariances and means were invariant across the survey modes, we could pool the data from the online and offline surveys, which means that additional analyses to test for configural, metric, scalar, and factor covariance, factor variance, and error variance invariance were unnecessary (Steenkamp and Baumgartner 1998; Vandenberg 2002; Vandenberg and Lance 2000) . Therefore, we concluded that we could not identify any differences in the means and variance-covariance matrices with respect to the evaluations of service call quality, service visit quality, or intentions in the online and offline surveys. In four of the six open-ended questions, there also were no differences in the number of respondents who provided answers or in the length of their answers. Only for improvement suggestions and switching intentions did the online surveys provide slightly more responses. Online respondents also provided significantly lengthier improvement suggestions and examples of positive experiences with the company.
DISCUSSION
ESOMAR, the World Association of Research Professionals, estimates that in 2004, 35% of market research in the United States was conducted through online surveys (ESOMAR 2004) . More and more companies now use online surveys, with their significantly lower costs, to assess service quality continuously. In the long term, however, companies only profit from the cost savings of online surveys if their response quality is similar to that of mail surveys, so that outcomes from mixed-mode surveys provide a reliable basis for managers' decision making.
The selection of a data collection technique generally is based on four criteria: response rate, response bias, costs, and completion time (e.g., Malhotra 1999) . In terms of the response rate, the online survey has a higher response rate than the mail survey (28.47% versus 16.58%). Even though the online sample initially was smaller, the higher response rate suggests that online surveys are preferable for companies attempting to contact busy, hard-to-reach professionals.
With respect to response characteristics, the online and mail samples produce virtually identical results. Both the composite reliability and the average variance extracted show consistently high levels for both groups. The number and length of responses to open-ended questions also demonstrates similar results for the online and mail surveys. In terms of accuracy, we find that the means and the variance-covariance matrices are equal across modes. Thus, the results from online and offline surveys are comparable and produce equally usable data. The only minor differences are that online respondents provide more improvement suggestions, indicate more often to which competitor they want to switch, and provide lengthier answers about their positive experiences with the company and improvement suggestions. A possible explanation for this outspokenness by online respondents may be the reduced social context information on the Internet. Persons often are sensitive to the variables that can influence the content of a conversation and inhibit or facilitate what is said, how, and by whom. Empirical evidence from e-mail communications (Sproull and Kiesler 1986) suggests that social context information in online surveys is weak, which increases the respondents' perceived anonymity and produces relatively self-centered and unregulated behavior. Respondent behavior thus is likely to be more extreme, more impulsive, and less socially differentiated, because these people are relatively unconcerned about making a good appearance (Sproull and Kiesler 1986) .
Unfortunately, we did not record information about data collection costs and response times, the third and fourth criteria. However, several studies and meta-analyses suggest that online surveys are faster and cheaper (e.g., Illieva, Baron, and Healey 2002) . Our findings of equivalence between online and mail surveys support the use of online surveys, whose response quality is comparable to that of mail surveys, whereas their response time is faster and their costs are lower. Equivalence between online and mail surveys is extremely compelling for companies that rely on continuous measurements of service quality. For example, decision-support tools use continuous input from customers to predict future behavior and revenues. Because customer input enables predictions about crucial factors such as future revenues, it is absolutely necessary that surveys produce timely and reliable results at a low cost, as can be achieved through online surveys.
However, even though our study supports the equivalence of online and mail surveys, we recognize that the adequacy of online surveys depends mainly on the strength of the online sample. In this study, our online and mail samples were comparable; thus, we could focus on examining whether there were any systematic differences in response quality or measurement invariance. We did not find any such differences, which is a promising result. However, differences between online and mail surveys might occur because of incomparable samples. For online surveys, we recommend that users carefully examine the sample frame before the data are collected. Because no post hoc comparisons are possible, the reliability and validity of a pure online survey stand and fall with the representativeness of the sample. In a business-to-business (B2B) context, many companies maintain a database from which they can draw a random sample, but most business-toconsumer (B2C) companies must rely on e-mail addresses obtained from online panels. Although most online panels are very large and employ sophisticated weighting techniques, they may not be able to replicate results from more traditional research methods (Sparrow and Curtice 2004) . Furthermore, empirical evidence suggests that no simple weighting factor or adjustment strategy can make on-and offline samples comparable (e.g., Vehovar, Lozar Manfreda, and Batagelj 1999) .
If only a limited number of e-mail addresses is available, mixed-mode surveys might be a viable alternative to contact those members for whom an e-mail address is available online while surveying others with a regular mail survey (Dillman 2000) . Using mixed-mode surveys can increase both response rates and the representativeness of the sample and maintain the online survey benefits of faster response times and lower costs. We demonstrate how the strength of the online sample can be assessed through a comparison, with the mail survey, of relevant sample characteristics. Thus, the response quality of, and equivalence between, online and mail surveys can be tested easily by comparing (a) their completeness and accuracy according to the number and length of open-ended questions, (b) the distribution of responses by considering the means and variances, and (c) measurement invariance.
LIMITATIONS AND FUTURE RESEARCH GUIDELINES
Our study was conducted within only one country, the United States. Additional studies should examine whether our findings hold true for other countries, especially those with lower rates of Internet adoption. Moreover, we compared online and mail surveys because the type of research for which mail surveys are used is most likely to be supplemented by online surveys. However, it might be interesting to examine how alternative modes, such as telephone surveys, compare to online surveys. Further studies could also examine the impact of any potential moderating factors on the results.
In addition, the quality of online samples must receive further attention, although we did not find systematic biases between online and mail surveys. Also, the customers in our study are not end consumers but rather business customers; the findings for end customers might differ from those presented herein. According to the company, the small number of e-mail addresses in the database is due to erratic updates by the sales force, not a systematic bias in, for example, the innovativeness of those customers for whom an e-mail address is available. However, a selection bias cannot be ruled out completely because the availability of e-mail addresses might contain an element of selfselection.
The quality of online studies depends on the quality of the online sample. In general, the best way to secure representative results is by maximizing response rates (Hansen 1980) to reduce nonresponse error. However, this conventional wisdom may not be true for online panels, in which many respondents are members of several panels or participate because of the money they can win (e.g., "The Free Get Paid to Take Surveys Online Guide;" http://www .surveys4money.com/). A large response rate also could indicate that more highly motivated, survey-prone, or professional respondents have participated. Even if the demographic profile is representative, it is reasonable to assume that the responses are not in such a case. Insights into these issues will advance knowledge about the quality of online surveys and thereby help empirically determine the potential of Internet-based research. Deutskens et al. / SERVICE QUALITY RESEARCH 353 
